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(54) METHOD AND APPARATUS FOR CONFIGURABLE MIMO PROCESSING IN WIRELESS 
COMMUNICATIONS

(57) A method in a transmitter station includes: gen-
erating payload data for transmission to a receiver station
via a plurality of antennae of the transmitter station; se-
lecting a number of transmit streams for transmission of
the payload data; selecting respective modulation
schemes for each of the transmit streams; according to
the modulation schemes and to an active one of (i) a
single-encoder mode and (ii) a per-stream encoder
mode, generating the number of coded, modulated trans-
mit streams; wherein each coded, modulated transmit
stream contains a portion of the payload data; and pro-
viding the coded, modulated transmit streams to respec-
tive ones of the antennae for transmission to the receiver
station.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from U.S. provi-
sional patent application no. 62/529140 filed July 6, 2017,
the contents of which is incorporated herein by reference.

FIELD

[0002] The specification relates generally to wireless
communications, and specifically to a method and appa-
ratus for configurable multiple-input, multiple-output (MI-
MO) processing in wireless communications

BACKGROUND

[0003] Wireless devices operate in a wide variety of
environments and may have a wide variety of capabilities
(e.g. available computational resources). Thus, devices
implementing a shared communications standard may
nevertheless operate under disparate operational con-
straints. Technological adaptations suited to certain op-
erational constraints may not be well-suited to others,
and thus when devices operating according to the shared
standard implement such adaptations, the result may be
that some of the above-mentioned devices suffer from
reduced performance when communicating with one an-
other, or from an inability to establish communications.

SUMMARY

[0004] An aspect of the specification provides a meth-
od in a transmitter station, comprising: generating pay-
load data for transmission to a receiver station via a plu-
rality of antennae of the transmitter station; selecting a
number of transmit streams for transmission of the pay-
load data; selecting respective modulation schemes for
each of the transmit streams; according to the modulation
schemes and to an active one of (i) a single-encoder
mode and (ii) a per-stream encoder mode, generating
the number of coded, modulated transmit streams;
wherein each coded, modulated transmit stream con-
tains a portion of the payload data; and providing the
coded, modulated transmit streams to respective ones
of the antennae for transmission to the receiver station.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0005] Embodiments are described with reference to
the following figures, in which:

FIG. 1 depicts a wireless communications system;

FIG. 2 depicts a method for configurable MIMO
processing;

FIG. 3 depicts a transmitter architecture implement-

ing a performance of the method of FIG. 2; and

FIG. 4 depicts a transmitter architecture implement-
ing another performance of the method of FIG. 2.

DETAILED DESCRIPTION

[0006] FIG. 1 depicts a wireless communications sys-
tem 100, including a plurality of wireless devices, also
referred to as wireless stations. In particular, FIG. 1 illus-
trates a first device 104 connected with a second device
108. The system 100 can include additional devices in
other embodiments. Each of the devices 104 and 108
can be implemented as a wireless access point (e.g. a
router), a smart phone or other mobile device, a media
server, a home computer, or the like. In the present ex-
ample, the device 104 is referred to as a transmitting
device, as functionality related to the transmission of data
from the device 104 to the device 108 over a wireless
link 112 (e.g. a direct link, a link implemented over a wire-
less local-area network (WLAN) or the like) will be dis-
cussed below. The device 108 will therefore also be re-
ferred to as the receiving device 108. As will be apparent
to those skilled in the art, the device 104 is typically also
configured to receive data, and the device 108 is also
typically configured to transmit data. The
[0007] In the examples discussed below the devices
104 and 108 each include a wireless communications
assembly configured to implement a shared wireless
communication standard. More specifically, the devices
of the system 100 are each configured to communicate
according to a wireless standard employing frequencies
of around 60 GHz (also referred to as WiGig). Examples
of such standards are the IEEE 802.11ad standard, and
enhancements thereto (e.g. 802.11ay). As will be appar-
ent, therefore, the devices of the system 100 employ a
common set of carrier frequencies. For example, the
802.11ad and 802.11ay standards define four channels,
having center frequencies of 58.32 GHz, 60.48 GHz,
62.64 GHz and 64.8 GHz, and bandwidths of 2.16 GHz.
Certain specific components of the device 104 employed
in the processing of data for transmission will be de-
scribed in greater detail below. As will be apparent to
those skilled in the art, such components may also be
included in the device 108, and both devices 104 and
108 may also include further components (not shown)
employed in the processing of received signals.
[0008] The device 104 includes a central processing
unit (CPU), also referred to as a processor 120. The proc-
essor 120 is interconnected with a non-transitory com-
puter readable storage medium, such as a memory 124,
having stored thereon various computer readable in-
structions for performing various actions (e.g. streaming
media to the device 108). The memory 124 includes a
suitable combination of volatile memory (e.g. Random
Access Memory or RAM) and non-volatile memory (e.g.
read only memory or ROM, Electrically Erasable Pro-
grammable Read Only Memory or EEPROM, flash mem-
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ory). The processor 120 and the memory 124 each com-
prise one or more integrated circuits.
[0009] The device 104 also includes one or more input
devices, and one or more output devices, generally indi-
cated as an input/output device 128. The input and output
devices 128 serve to receive commands for controlling
the operation of the device 104 and for presenting infor-
mation, e.g. to an operator of the device 104. The input
and output devices 128 therefore include any suitable
combination of devices, including a keyboard, a mouse,
a display, a touchscreen, a speaker, a microphone, and
the like). In other embodiments, the input and output de-
vices may be connected to the processor 120 via a net-
work, or may simply be omitted.
[0010] The device 104 further includes a wireless com-
munications assembly 132 interconnected with the proc-
essor 120. The assembly 132 enables the device 104 to
communicate with other computing devices. In the
present example, as noted earlier, the assembly 132 en-
ables such communication according to the IEEE
802.11ay standard, and thus transmits and receives data
at frequencies of around 60 GHz.
[0011] The communications assembly 132 includes a
controller 136 in the form of one or more integrated cir-
cuits, configured to establish and maintain communica-
tions links with other devices (e.g., the link 112). The
controller 136 includes a baseband processor and one
or more transceivers, which may be implemented as dis-
tinct hardware elements or integrated on a single circuit.
The controller 136 is configured to process outgoing data
for transmission via a plurality of antennae 140, four ex-
amples 140-1, 140-2, 140-3 and 140-4 (collectively re-
ferred to as antennae 140, and generically referred to as
an antenna 140) are shown in FIG. 1. Each antenna 140
can include a phased array of antenna elements, for ex-
ample. In other words, the device 104 is enabled to em-
ploy multiple-input, multiple-output (MIMO) functionality
to transmit and receive data using multiple input and out-
put streams, in which portions of outgoing or incoming
data are transmitted or received via distinct antennae
140. As will be discussed in greater detail below, the con-
troller 136 is configured to process outgoing data for
transmission according to selectable encoding modes
and modulation schemes prior to providing the processed
data to the antennae 140.
[0012] The controller 136 is configured to execute var-
ious computer-readable instructions (e.g. stored in a
memory element integrated with the controller 136 or im-
plemented as a discrete hardware component of the as-
sembly 132 and connected with the controller 136) in the
form of a control application 144 for performing the above
functions. The control application 144 may be implement-
ed as a software driver deployed to the assembly 132,
for example via the processor 120. Through the execu-
tion of the application 144, the controller 136 is configured
to operate the wireless communications assembly 132
to select a configuration for use in processing payload
data to be transmitted to the device 108, and to effect

the processing according to the selected configuration.
[0013] The processing of data for transmission via the
antennae 140 includes, as will be apparent to those
skilled in the art, applying forward error correction (FEC)
operations to the data, to generate encoded data con-
taining a degree of redundancy that may permit the re-
ceiving device 108 to recover portions of the data that
are corrupted or omitted in signals received from the de-
vice 104. In particular, as discussed below, the controller
136 is configured to perform the above-mentioned en-
coding according to at least one encoding mode. More
specifically, in some embodiments the controller 136 is
configured to select between two distinct encoding
modes. The encoding modes include (i) a single-encoder
mode in which all payload data is processed by a single
FEC encoder (e.g. a low-density parity check, or LDPC,
encoder), and (ii) a per-stream encoding mode, in which
the payload data is parsed into streams (each to be trans-
mitted by a separate antenna 140), and in which each
stream is encoded by a distinct FEC encoder.
[0014] In some embodiments, certain aspects of the
functionality implemented by execution of the application
144 at the controller 136 (up to the entirety of the func-
tionality implemented via the application 144), are imple-
mented as discrete hardware components, either as sub-
components of the controller 136 or as circuits distinct
from and in communication with the controller 136.
[0015] Turning to FIG. 2, a method 200 for configurable
MIMO processing is illustrated. The method 200 will be
described in connection with its performance on the de-
vice 104, as illustrated in FIG. 1. The blocks of the method
200 are performed by the controller 136 of the wireless
communications assembly 132, via the execution of the
application 144.
[0016] At block 205, the controller 136 is configured to
exchange capability data with the device 108 (e.g. with
a corresponding controller of the device 108). As will be
apparent to those skilled in the art, the exchange of ca-
pability data can be conducted during the establishment
of a communications link (e.g. the link 112 shown in FIG.
1). For example, the devices 104 and 108, during the
establishment of the link 112, can exchange messages
containing one or more capabilities fields indicating var-
ious configuration parameters at the respective devices.
The capabilities can include supported data rates, sup-
ported communication channels, antenna configurations
(e.g. the number of simultaneous MIMO streams sup-
ported by the device), and the like.
[0017] In addition, the capability data exchanged at
block 205 is an indication of whether each device sup-
ports one or both of the above-mentioned encoding
modes. That is, the device 104 is configured to send an
indication to the device 108 of whether the device 104
supports one or both of the single-encoder and per-
stream encoding modes. The device 104 is also config-
ured to receive a similar indicator from the device 108,
indicating whether the device 108 supports both modes
or one or the other. The nature of the indicator is not
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particularly limited. For example, the indicator can be in-
cluded in an enhanced directional multi-gigabit (EDMG)
capabilities field or subfield of a message.
[0018] At block 210, the controller 136 is configured to
determine whether both the device 104 itself and the de-
vice 108 support selectable encoding. In other words,
the controller 136 is configured to determine whether
both devices 104 and 108 support both of the above-
mentioned encoding modes. When the determination is
negative, for example if the device 108 supports only one
of the above-mentioned encoding modes, the perform-
ance of method 200 proceeds to block 215.
[0019] At block 215, the controller 136 is configured to
select a shared encoding mode as the active encoding
mode; that is, an encoding mode supported by both the
device 104 and the device 108. For example, if the device
104 supports both encoding modes and the device 108
supports only a single-encoder mode, the single encoder
mode is selected at block 215. In some examples, the
device 104 itself may support only one of the encoding
modes. For example, if the device 104 supports only the
single-encoder mode, the determination at block 210
may automatically be negative, regardless of the indica-
tor received from the device 108. That is, the determina-
tion at block 210 may be effectively omitted as the result
of the determination is known in advance, and the single-
encoder mode may be preconfigured as the active mode.
As such, the performance of the method 200 may pro-
ceed automatically to block 215, where the single-encod-
er mode (as the only available mode) is automatically
selected (e.g. without any regard as to which modes the
device 108 supports). In the event that the device 104
and 108 do not support a shared encoding mode, the
performance of the method 200 may terminate.
[0020] When the determination at block 210 is affirm-
ative, on the other hand, indicating that both devices 104
and 108 support both of the above-mentioned encoding
modes, the controller 136 is configured to proceed to
block 220. At block 220, the controller 136 is configured
to select one of the encoding modes (i.e. one of single-
encoder and per-stream encoding) as the active mode.
The selection at block 220 can be based on any one or
more of channel rank, signal-to-noise (SNR) ratios on
one or more streams employed in a previous transmis-
sion (e.g. SNR may be determined based on feedback
from the receiving device 108 responsive to the previous
transmission), packet error rates and retry rates (e.g. also
based on feedback arising from previous transmissions),
and beamforming state information.
[0021] At block 225, the controller 136 is configured to
select a number of transmit streams for transmission of
payload data generated at the device 104 for transmis-
sion to the device 108. The payload data can include any
of a wide variety of data (e.g. multimedia, messaging
such as email, instant message data or the like, web pag-
es, and the like), generated via any suitable means, such
as the execution of an application by the processor 120.
The selection of a number of transmit streams is effected

according to any suitable selection operation, examples
of which will occur to those skilled in the art. For example,
the controller 136 can be configured to select the maxi-
mum number of streams supported by both devices 104
and 108. For instance, assuming that the device 108 in-
cludes four antennae, the controller 136 can be config-
ured to select four transmit streams at block 225.
[0022] At block 225, the controller 136 is also config-
ured to select a modulation scheme for each of the
streams. The selection of modulation schemes, as will
be apparent to those skilled in the art, is based on one
or both of the capabilities data exchanged at block 205
and the condition of the link 112 (e.g. SNR of one or more
channels and the like). Any of a wide variety of modulation
schemes can be selected at block 225, including binary
phase shift keying (BPSK), quadrature phase shift keying
(QPSK), higher-order phase shift keying such as 8-PSK,
and quadrature amplitude modulation (QAM) schemes
such as 16-QAM and 64-QAM, and the like. The control-
ler 136 can be configured to select a single modulation
scheme for each stream, or to select distinct modulation
schemes for some or all of the streams.
[0023] At block 230, the controller 136 is configured to
generate encoding mode and modulation indicators for
inclusion in the data to be transmitted to the device 108.
The indicators can be generated as fields or subfields in
header data to be concatenated with the payload data
before transmission. For example, as will be apparent to
those skilled in the art, the header data can include mod-
ulation and coding scheme (MCS) indicators correspond-
ing to each stream indicating which modulation scheme
and FEC code rate is employed to process the payload
data. The MCS indicators are typically index values cor-
responding to one of a number of predefined sets of con-
figuration parameters (e.g. a modulation type, the
number of streams the modulation type is applied to, an
FEC code rate, a data rate and the like). The encoding
mode can be indicated, for example, as a bit flag in the
header data. For example, a value of zero in the bit flag
can indicate that the single-encoder mode was employed
to apply FEC encoding to the payload data, while a value
of one in the bit flag can indicate that the per-stream
encoding mode was employed. In other examples, the
encoding mode indicator can be combined with the
above-mentioned MCS indicators. For example, the
above-mentioned predefined sets of configuration pa-
rameters can be extended to include indications of an
encoding mode corresponding to each MCS index.
[0024] At block 235, the controller 136 is configured to
process the payload data for transmission according to
the selections at blocks 215 or 220, as well as block 225.
As seen in FIG. 2, the sequence of operations employed
in the processing of payload data for transmission varies
based on the encoding mode selected at blocks 215 or
220. In particular, when the single-encoder mode is se-
lected, the performance of method 200 proceeds to block
240, followed by block 245. In brief, at block 240 the con-
troller 136 is configured to generate coded payload data
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(that is, the payload data encoded according to a suitable
FEC mechanism, such as the above-mentioned LDPC
encoding process). At block 245, the coded payload data
is parsed into the selected number of streams, and the
selected modulation schemes are applied to the coded
streams. In other words, through blocks 240 and 245 the
application of FEC encoding precedes streaming and
modulation.
[0025] Referring now to FIG. 3, the performance of
blocks 240 and 245 will be discussed in greater detail.
FIG. 3 illustrates payload data 300, as well as header
data 304 (including the above-mentioned modulation and
encoding indicators). FIG. 3 also illustrates various com-
ponents of the application 144 in greater detail (which
may also be implemented, as noted earlier, as one or
more dedicated hardware components). Specifically, the
application 144 includes four encoders 308-1, 308-2,
308-3 and 308-4. In the present example, the encoders
308 are LDPC encoders. Each encoder 308 may be im-
plemented as one or more parallel hardware compo-
nents, executable processes, or the like, constituting a
single logical encoder. When a given encoder 308 in-
cludes a plurality of sub-components (e.g. a plurality of
parallel encoder circuits), a configurable subset of the
sub-components may be employed, for example de-
pending on the data rate at which the payload data 300
is to be transmitted. For example, at higher data rates a
greater number of such sub-components may be activat-
ed while at lower data rates a lower number of such sub-
components may be activated.
[0026] The application 144 also includes a stream
parser 312 and a number of modulators 316 correspond-
ing to the number of antennae 140. Thus, in the present
example, the application 144 includes four modulators
316-1, 316-2, 316-3 and 316-4. The application 144 can
also include a plurality of additional processing compo-
nents implemented as executable processes, hardware
components or both, including interleavers, digital-to-an-
alog (DAC) converters, and the like, generally indicated
at 320.
[0027] At block 240, the controller 136 is configured to
direct the payload data 300 and header 304 to a single
encoder (the encoder 308-1 in the illustrated example)
for generation of coded data 324. The coded data 324,
which as is apparent from FIG. 3 consists of a single
stream, is then provided to the stream parser 312 for
generation of coded streams of data at block 245. Spe-
cifically, in the example illustrated in FIG. 3, the stream
parser 312 divides the coded data 324 into four coded
streams 328-1, 328-2, 328-3 and 328-4. Each coded
stream 328 contains a portion of the payload data 300 in
an encoded form, and each coded stream 328 is directed
to a distinct modulator 316 for modulation prior to trans-
mission via the antennae 140 at block 250 (typically under
the control of additional processing components 320).
That is, the modulators 316 generate coded, modulated
streams 332-1, 332-2, 332-3 and 332-4 for any suitable
further processing and transmission via respective an-

tenna 140.
[0028] Returning to FIG. 2, when the selected encod-
ing mode is the per-stream encoding mode, performance
of the method 200 proceeds from block 235 to block 255
rather than to block 240. At block 255, the controller 136
is configured to generate the selected number of streams
of un-coded data (that is, each stream including a portion
of the payload data prior to encoding). At block 260, the
controller 136 is configured to generate, from the un-cod-
ed streams, a plurality of encoded, modulated streams
for transmission at block 250.
[0029] Turning now to FIG. 4, the architecture of FIG.
3 is illustrated in conjunction with the performance of
blocks 255 and 260. The payload data 300 and header
data 304 are illustrated in FIG. 4, but are provided to the
stream parser 312 rather than to the encoder 308-1 (as
illustrated in FIG. 3). Thus, the stream parser 312 is con-
figured to generate a plurality of un-coded streams 400-1,
400-2, 400-3 and 400-4 from the payload data 300 at
block 255. The un-coded streams 400 are then provided
to respective encoders 308 for generation of the coded
streams 328 at block 260. The coded streams 328 are
provided to respective modulators 316 as discussed
above in connection with FIG. 3 for generation of modu-
lated, coded streams 332 to conclude the performance
of block 260. Following the generation of modulated, cod-
ed streams 332, the modulated, coded streams 332 are
transmitted via the processing components 320 and the
antennae 140.
[0030] As will now be apparent, the device 108, upon
receiving the transmitted streams from the device 104,
is configured to demodulate the streams via one or more
demodulators, and to apply the streams to one or more
decoders, based on the encoding mode selected at
blocks 215 or 220 and signaled in the header 304, to
decode and reconstitute the payload data 300. For ex-
ample, when the header 304 indicates that per-stream
encoding was employed at the device 104, the receiving
device 108 is configured to direct each received stream
to a distinct decoder. When the header 304 indicates that
the single-encoder mode was employed at the device
104, the device 108 is configured to direct all received
streams to a single decoder.
[0031] The implementation of selectable encoding
modes as described above may permit devices operating
according to a shared standard (e.g. 802.11ay) to better
adapt their communications to environmental factors, as
well as the capabilities of the participating devices.
[0032] The scope of the claims should not be limited
by the embodiments set forth in the above examples, but
should be given the broadest interpretation consistent
with the description as a whole.

Claims

1. A method in a transmitter station, comprising:
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generating payload data for transmission to a
receiver station via a plurality of antennae of the
transmitter station;
selecting a number of transmit streams for trans-
mission of the payload data;
selecting respective modulation schemes for
each of the transmit streams;
according to the modulation schemes and to an
active one of (i) a single-encoder mode and (ii)
a per-stream encoding mode, generating the
number of coded, modulated transmit streams;
wherein each coded, modulated transmit stream
contains a portion of the payload data; and
providing the coded, modulated transmit
streams to respective ones of the antennae for
transmission to the receiver station.

2. The method of claim 1, further comprising:
prior to generating the coded, modulated transmit
streams, selecting the active one of the encoding
modes.

3. The method of claim 1 or 2, further comprising, when
the active one of the single-encoder mode and the
per-stream encoding mode is the single-encoder
mode:

providing the payload data to a single encoder
for generation of coded payload data;
providing the coded payload data to a stream
parser for generation of the number of coded
transmit streams; and
providing the coded transmit streams to respec-
tive modulators for generation of the coded,
modulated transmit streams.

4. The method of claim 3, wherein the single encoder
is a low-density parity check (LDPC) encoder.

5. The method of any preceding claim, further compris-
ing, when the active one of the single-encoder mode
and the per-stream encoding mode is per-stream en-
coding mode:

providing the payload data to a stream parser
for generation of the number of un-coded trans-
mit streams;
providing the un-coded transmit streams to re-
spective encoders for generation of the number
of coded transmit streams; and
providing the coded transmit streams to respec-
tive modulators for generation of the coded,
modulated transmit streams.

6. The method of any preceding claim, wherein the
transmitter station includes only a single encoder;
and wherein the single-encoder mode is preconfig-
ured as the active one of the single-encoder mode

and the per-stream encoding mode.

7. The method of any preceding claim, further compris-
ing:
concatenating header data with the payload data,
the header data including an indicator of the active
one of the single-encoder mode and the per-stream
encoding mode; optionally the indicator is a field in
the header data containing a bit flag indicating the
active one of the single-encoder mode and the per-
stream encoding mode.

8. A transmitter station, comprising:

a plurality of antennae; and
a controller connecting to the plurality of anten-
nae, the controller configured to:

generate payload data for transmission to
a receiver station via the plurality of anten-
nae;
select a number of transmit streams for
transmission of the payload data;
select respective modulation schemes for
each of the transmit streams;
according to the modulation schemes and
to an active one of (i) a single-encoder mode
and (ii) a per-stream encoding mode, gen-
erate the number of coded, modulated
transmit streams; wherein each coded,
modulated transmit stream contains a por-
tion of the payload data; and
provide the coded, modulated transmit
streams to respective ones of the antennae
for transmission to the receiver station.

9. The transmitter station of claim 8, wherein the con-
troller is further configured to:
prior to generating the coded, modulated transmit
streams, select the active one of the encoding
modes.

10. The transmitter station of claim 8 or 9, wherein the
controller is further configured to, when the active
one of the single-encoder mode and the per-stream
encoding mode is the single-encoder mode:

provide the payload data to a single encoder for
generation of coded payload data;
provide the coded payload data to a stream
parser for generation of the number of coded
transmit streams; and
provide the coded transmit streams to respec-
tive modulators for generation of the coded,
modulated transmit streams.

11. The transmitter station of claim 10, wherein the sin-
gle encoder is a low-density parity check (LDPC) en-
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coder.

12. The transmitter station of any of claims 8 to 11,
wherein the controller is further configured to, when
the active one of the single-encoder mode and the
per-stream encoding mode is per-stream encoding
mode:

provide the payload data to a stream parser for
generation of the number of un-coded transmit
streams;
provide the un-coded transmit streams to re-
spective encoders for generation of the number
of coded transmit streams; and
provide the coded transmit streams to respec-
tive modulators for generation of the coded,
modulated transmit streams.

13. The transmitter station of any of claims 8 to 12,
wherein the transmitter station includes only a single
encoder; and wherein the single-encoder mode is
preconfigured as the active one of the single-encod-
er mode and the per-stream encoding mode.

14. The transmitter station of any of claims 8 to 13,
wherein the controller is further configured to:
concatenate header data with the payload data, the
header data including an indicator of the active one
of the single-encoder mode and the per-stream en-
coding mode; optionally the indicator is a field in the
header data containing a bit flag indicating the active
one of the single-encoder mode and the per-stream
encoding mode.

15. A computer-readable medium storing a plurality of
instructions executable by a controller of a transmit-
ter station for performing a method according to any
of claims 1 to 7.
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